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(54) Semi-crystalline ethylene vinyl acetate emulsion polymers for heat seal applications 



(57) This invention is directed to aqueous-based 
ethylene-vinyl acetate (EVA) polymer emulsions suited 
for use in heat seal applications. The EVA polymers of 
this invention are produced by a relatively low-pressure 
process, i.e., less than 2000 psig, preferably from about 
1000 to about 2000 psig. The aqueous-based EVA 
based polymei' emulsions contain crystalline segments 



resulting from ethylene linkages .and are prepared by 
emulsion polymerizing ethylene and vinyl acetate, pref- 
erably with a carboxylic monomer, in the presence of a 
stabilizing system containing surfactant or a cellulosic 
protective colloid in combination with surfactant. 
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to 40% by weight of ethylene, based on total amount of monomers. The copolymers are reported to be useful as blnders 
In building material formulations. 

[0012] . US 5,872,1 81 discloses aqueous vinyl acetate-ethylene polymer adhesives for use in packaging applications 
and for bonding difficult to bond surfaces. The polymers contain 55-80 wt7o vinyl acetate, 15-45 wt% ethylene, and 0 
to 30 wt% one or more other ethylenically unsaturated copolymerizable monomer. The polymers are produced by 
emulsion polymerization using a stabilizer system of poly(vinyi alcohol) as a protective colloid and a surfactant. 
[0013] US 6,319,978 discloses pressure sensitive vinyl acetate-ethylene-carboxyl based adhesives comprising a 
high (45-55 wt%) ethylene content emulsion polymer having a Tg of from -25 to -70 **C. The high ethylene content 
emulsion are fomnulated to be tacky to the touch at room temperature. 

[0014] WO 02/42342 (2002) discloses ethylerie-vinyl acetate emulsion polymers having at least 55% by weight eth- 
ylene, which is water dispersible, yet non-dispersible in an aqueous solution containing 0.5% or more of an inorganic 
salt. The emulsion polymers are stabilized with a hydrophillc polymeric colloid, e.g., polyacrylic acid. The polymers are 
reported to be useful in producing environmentally friendly products, such as fiushable hygienic products. The high 
ethylene content emulsion is designed to be tacky to the touch at room temperature. 

[001 5] WO 02/079,270 discloses high ethylene/vlnyl acetate copolymers fomned by pojymerizlng ethylene and vinyl 
acetate in the presence of a hydrophilic colloid without a carboxylic acid monomer. The high ethylene content emulsion 
Is designed to be tacky to the touch at room temperature. , . 

[0016] JP2002322216A discloses a method for forming an ethylene-vinyl acetate polymer using a redox system 
where ethylene is the main component. The polymer is formed by emulsion polymerization in the presence of poly 
(vinyl alcohol). Persulfate and sodium hydrogen sulfite is used as the initiating system. The vinyl acetate content was 
maintained at a level of about 3% by weight during polymerization. 

BRIEF SUMMARY OF THE INVENTION 

[0017] This invention is directed to aqueous-based ethylene-vinyl acetate (EVA) polymer emulsions suited for use 
in heat seal applications. Preferably the EVA polymer emulsions fonn clear films. EVA is being used in this invention 
to indicate polymers with any level of ethylene, such as, from 1 0 to 85 wt% of the polymer The EVA polymers of this 
invention. are produced by a relatively low-pressure process, i.e., less than 2000 psig (13,891 kPa), preferably from 
about 1000 (6,996 kPa) to about 2000 psig (18,891 kPa). The aqueous-based EVA based polymer emulsions contain 
crystalline segments resulting froni ethylene linkages and are prepared by emulsion polymerizing ethylene and vinyl 
acetate, preferably with a carboxylic monomer, in the presence of a stabilizing system consisting essentially of a sur- 
factant or a cellulosib protective colloid in combination with a surfactant. • / 
[0018] The EVA polymers of this Invention have: 

(a) a crystalline melting point (T^) ranging from 35 to 110 °C, preferably 50 to 90 *'C; measured at a heat rate of 

20 **C/minute and, 

(b) a tensile storage modulus of at least 1 x 10^ dynes/cm^ at 115 ^'C measured at 6.28 rad/sec. 

[0019] In addition, they should have (c) a crystalline heat of fusion (H,) ranging from 5 to 1 00 joules per gram (J/g), 
preferably 15 to 70 J/g; (d) a glass transition tenriperature (Tg) of + 25 °C to about -35 *'C, and e) be non-blocking at 
temperatures of about 50 ^"0. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The aqueous based EVA polymer emulsions of this Invention are based upon vinyl acetate and ethylene with 
the level of polymerized units of vinyl acetate ranging from 1 5 to 90% by weight of the polymer and the level of polym- 
erized units of ethylene ranging from 1 0% to 85% by weight; preferably from 25 to 80 weight percent vinyl acetate and 
20 to 75% by weight ethylene; and most preferably from 35 to 75% by weight vinyl acetate and 25 to 65% by weight 
ethylene. Another embodiment of this invention is aqueous based EVA polymer emulsions in which the EVA polymer 
is comprised of 30 to 50 wt % vinyl acetate and 50 to 70 wt % ethylene. The distribution of vinyl acetate and of ethylene 
in th e EVA copo lymer are accounted for in other parameters of the polymer, i.e. , the T„, the H,, and the high temperature 
tensile storage modulus. 

[0021 ] An additional component for consistently enhancing the adhesion of EVA polymers for heat seal applications 

is in the incorporation of a cariDoxylic acid. These cariaoxylic acids include C3-C^q alkenoic acids, such as acrylic acid, 
methacrylic acid, crotonic acid, and isocrotonic acid, and alpha, beta-unsatu rated C^-C^q alkenediolc acids such as 
maleic acid, fumaric acid, and itaconic acid. Typically, these acids are incorporated in an amount of from 0.2 to 10% 
by weight and preferably 0.5 to 5% by weight. It has been found that the incorporation of these acids act as adhesion 
promoters. Exemplary polymers for heat seal applications have a vinyl acetate content of from 1 5 to 80%, the ethylene 
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content from 20 to 85%, and the level of carboxyllc acid from 0 to 5% by weight of the polymer 
. :[p022] Other rnononiers which can be emulsion polymerized into the polymer include Ci-Cie alkyi esters or esters 
With C1-C18 alkanols, such as methanol,- ethanol, propanol, butanol, and 2-ethylhexanol; vinyl halides such as vinyl 
chlonde, mono and diesters of alpha, beta-unsaturated C^-C.^ alkenedioic acids such as maleic acid, fumaric acid- 
and itaconic acid and C^-C^^ alkanols; nitrogen containing mono-olefinically unsaturated monomers, particulariy ni- 
tnles, amides, N-methylol amides, C^-C^ alkanoic acid ethers of N-methylol amides and allylcarbamates, such as 
acrylonitnle, acrylamide, methacrylamide, N-methylol acrylamide, N-methylol methaciylamide, N-methylol allylcar- 
bamate, and C-^-C^ alkyI ethers or C1-C4 alkanoic acid esters of N-methylol acryiamide, N-methylol methacrylamide 
and N-methylol allylcarbamate; sodium vinyl sulfonate; and 2-acrylamido-2-methyl propanesulfonate. The monomers 
can be incorporated in minor amounts, e.g. from 0 to about 1 0% by weight. 

[0023] The usefulness of VAE and EVA emulsion polymers and theirappllcation are dictated by the polymer properties 
■ which are in turn affected by many factors outside the specific fomnulation employed, e.g., monomers employed mon- 
omer ratio, initiator level and surfactant package, as well as the polymerization procedure. Forexample, because vinyl 
acetate and ethylene have significantly different vapor pressures when subjected to the polymerization conditions 
described herein and because ethylene is difficult to solubllize In the polymerization medium, one can dramatically 
affect the distnbution of the vinyl acetate and ethylene within the polymer. Thus, two polymers having substantially 
erttes '^"^'^ °' ^'^^^^^^ ethylene can have substantially different structures and dramatically different prop- 

[0024] It has been found that in the development of EVA polymers for heat seal applications by emulsion polymeri- 
zation that the concentration of vinyl acetate and ethylene in the polymer is not solely responsible for its use as a heat 
seal adhesive. The distribution of vinyl acetate and ethylene is a major factor. It has been found that there needs to 
be a sufficient level of amorphous ethylene-vinyl acetate polymer segments to provide adhesion to a substrate and a 
sufficient level of crystalline ethylene polymer segments to provide the proper balance of heat seal characteristics and 
non-blocking. PoVmerized ethylene segments lead to ethylene crystalllnity in the polymer. Too much of one and too 
jrttle of anothercan leadto EVA polymers whteh have little adhesion in temre of hot green strength and room temperature 
adhesive strength, but pass the non-blocking test or they may have desired adhesion but are do not meet the non- 
blocking test at desired temperature and pressure. 

[0025] In VAE and EVA polymers the Tg of the polymer can be controlled by adjusting the ethylene content i e 
generally the more ethylene present in the polymer relative to other co-monomers, the lower the T. However it has 
been found that under certain polymerization conditions' where formation of crystalline polyethylene domains 'are fa- 
vored, the Tg does not continue to systematically decrease In proportion to the increase in ethylene concentratiori If 
the ethylene segments were short resulting in amorphous as opposed to crystalline domains, the T. would drop even 
further, e.g., below about-40°C. Crystalline polyethylene domains in the polymer impart a T„ and H,to the polymer. It 
has also been found that by influencing the balance of amorphous ethylene-vinyl acetate dornains and crystalline 
ethylene domains in the polymer, one can generate a range of aqueous copolymer dispersions containing a range of 
Tg, T„ and H„ and a high tensile storage modulus at high temperatures; i.e., temperatures of about 11 5 "C. Conventional 
VAE erriulston polymers prepared by batch polymerization in the presence of polyvinyl alcohol) having from 20 to 35% 
ethylene may exhibit high tensile storage modulus at elevated temperature because poly(vinyl ateohol) Itself inherently 
exhibits high tensile storage modulus at elevated temperatures. But these conventional VAE emulsion polymers them- 
selves do not exhibit a T„ nor do they have a H, because these polymers do not have the ethylene crystalllnity exem- 
plified by the polymers described herein. In addition, the lack of heat sealability for the VAE emulsion polymers con- 
taining poly(vinyl alcohol) is partly driven by the high Tg of polyvinyl alcohol) and partly driven by the inherent semi- 
crystallinity of poly(vinyl alcohol). In these conventional VAE emulsion polymers, the ethylene units are largeV incor- 
porated m an amorphous state and there is a substantial absence of crystalline ethylene domains. 
[002q One preferred way to enhance crystalline domain formation of ethylene In the EVA polymer is to delay the 
addition of vinyl acetate during the polymerization process such that the unreacted vinyl acetate level present in the 
reactor is minimal ^at different stages during the process, i.e., below 5% unreacted free vinyl acetate monomer Partic- 
ularly, in the absence of cartaoxyl functionality, it is preferred to stage the addition of vinyl acetate in the polymerization 
process over an initial period of time. Typically, one completes the addition within 75% of the total polymerization period 
and generally within 3 hours or less. Thus, vinyl acetate/ethylene polymerization can take place in the initial stage 
where most, but not all, of the ethylene will reside in amorphous regions, and the formation of the majority of crystalline 
ethylene domains can occur in the later stage of the polymerization process. 

[0027] The tensile storage modulus profile for these EVA polymers provides an insight to the distribution of vinyl 
acetate and ethylene in the polymer and the melt flow characteristics. The polymers suited for use as heat seal adhe- 
sives as described herein have a high tensile storage modulus and are highly viscous with minimal flow properties at 
temperatures where other EVA and VAE polymers mert and exhibit melt flow characteristics. The polymers described 
herein maintain ahigh viscosity and resistance to flow at temperatures well above theirmelttemperatures The modulus 
should be at least 1 X 1 05 in dynes/cmZ, (preferably 2 x loS) at 11 5 °C as measured at a testfrequency of 6.28 rad/sec 
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[0028] Other factors leading to crystalline ethylene domains within the polymer is the pressure and temperature of 
polymerization. Although pressure Is influential in achieving higher ethylene concentration levels in the polymer, it also 
is a factor in detemninlng whether the amount of ethylene which is present is in amorphous regions or crystalline 
domains. Temperature, also is relevant in the fonnation of ethylene crystallinity. Lastly, the lever of initiator is also a 

5 factor in developing EVA copolymers for heat seal applications. 

[0029] In the preferred process for effecting polymerization and the fomiation of EVA polymers for heat seal appli- 
cations, polymerization of ethylene, vinyl acetate, and carboxylic acid is Initiated by thennal initiators or by redox sys- 
tems. A thermal initiator is typically used at temperatures of about 60 ""C or higher, preferably about 70 ^'C or higher. 
Redox systems can be used over a wide range of temperatures, but are typically used at temperatures of about 60 °C 

10 or lower. The amount of initiator used in the process typically is substantially higher than used in prior processes for 
fomning aqueous based vinyl acetate/ethylene dispersion polymers. Typically, the level of initiator is at least 0.5% and 
typically greater than 0.8% by weight of the total monomer charged. In addition , it is preferred that the initiator is added 
over the time of polymerization. It is believed that a high radical flux created by the higher levels of initiator facilitates 
ethylene incorporation during this low pressure polymerization process and leads to crystalline ethylene segments and 

IS a branched polymer architecture in the resulting copolymer and thus exhibits a higher tensile storage modulus at 
elevated tenriperatures, thennal melting point, and a heat of fusion. Thermal initiators are well known In the emulsion 
polymer art and Include, for example, ammonium persulfate, sodium persulfate, and the like. 
Suitable redox systems are based upon sulfoxylates, and peroxides. Sodium fomialdehyde and organte peroxides 
such as f-butyl hydroperoxide (t-BHP) are representative. 

20 [0030] The ethylene and, optionally, other monomers, then are introduced under pressure of less than about 2000 
psig (13,891 kPa), and agitation,. and the temperature increased to reaction temperature. Initiator, vinyl acetate, and 
emulsifier are staged or added incrementally over the reaction period, and the reaction mixture maintained at reaction 
temperature for a time required to produce the desired product. 

[0031] The fomiation of EVA polymers suited for clear, heat seal applications Is highly influenced by the stabilizer 

2S system. First, the stabilizing system must.support formation of emulsions having a solids content of at least 40% by 
weight, generally 50% and higher. Second, the stabilizing systems should be one that does not inten-upt ethylene 
domains leading to crystalline polyethylene segments within the polymer. Although poly{vinyl alcohol) has been used 
as a protective colloid in producing VAE and EVA polymers, it is not suited for use in preparing polymers having the 
properties desired here. Typically, it interferes with ethylene incorporation during the low pressure polymerization proc- 

30 ess. it Interferes with the clarity of the EVA polymer, and It Interferes with heat sealablllty at low temperatures, e.g., 99 
to 109 °C, thereby rendering it generally unsuitable for use in the types of heat seal applications contemplated herein. 
[0032] The protective colloid employed as a component of one of the suitable stabilizing system described herein is 
a cellulosicicolloid. An example of a celluiosic protective colloid is hydroxyethyl cellulose. The protective colloid can 
be used in amounts of about 0.1 to 1 0 wt%, preferably 0.5 to 5 wt%, based on the total monomers. 

35 [0033] The surfactant or emulsifier can be Msed at a level of about 1 to 10 wt%, preferably 1 .5 to 6 wt%, based on 
the total weight of monomers and can include any of the known and conventional surfactants and emulsifying agents, 
principally the nonionic, anionic, and cationic materials, heretofore employed in emulsion polymerization. Among the 
anionic surfactants found to provide good results are alkyi sulfates and ether sulfates, such as sodium lauryl sulfate, 
sodiuni octyl sulfate, sodium tridecyl sulfate, and sodium isodecyl sulfate, sulfonates, such as dodecylbenzene sul- 

40 fonate, alpha olefin sulfonates and sulfosucclnates, and phosphate esters, such as the various linear alcohol phosphate 
• esters, branched alcohol phosphate esters, and alkylphenolphosphate esters. 

[0034] Examples of suitable nonionic surfactants include the Igepal surfactants which are members of a series of 
alkylphenoxy-poly(ethyleneoxy)ethanols having alkyI groups containing frbm about 7 to 1 8 carbon, atoms, and having 
from about 4 to 100 ethyleneoxy units, such as the octytphenoxy poly(ethyleneoxy)ethanols, nonylphenoxy po!y(eth- 
45 yleneoxy)ethanols, and dodecylphenoxy poly(ethyleneoxy)ethanols. Others include fatty add amides, fatty acid esters, 
glycerol esters, and their ethoxylates, ethylene oxide/propytene oxide block polymers, secondary alcohol ethoxylates, 
and tridecyialcohol ethoxylates. 

[0035] Examples of common cationic surfactants are dialkyi quaternaries, benzyl quaternaries, and their ethoxylates. 
[0036] Average particle size distributions for the polymer particles of the emulsion polymers of this invention range 

so from 0.05 microns to 2 microns, preferably 0.1 0 microns to 1 micron, . 

[0037] In an example of using the emulsion polymers of this invention for heat seal applications, the emulsion poly- 
mers can be applied with a gravure coater to a printed paperboard stock, dried, stored, and shipped to an end user 
where the board is fomned, filled, and sealed. As mentioned, non-block is essential for stacking, haridling, and storage. 
Yet, a rapid heat seal is desired at a temperature as low as possible to maximize production and minimize the heat 

S5 impact on the coated board. 

[0038] It has also been found that the pH of the emulsion polymers of this invention can influence some perfomiance 
in heat seal applications. Adjusting the pH of.the polymer emulsions to either a less acidic, neutral, or basic state (pH 
of about 7 or higher) has been observed to improve hot green strength and gloss, without significantly affecting the 
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SZr'"' °' Neutralization may be accomplished by the addition of a variety of alkaline 

. ... solutions, such as sodium hydroxide, ammonium hydroxide, and the like '"on or a variety of alkaline 

5 [0040] E%'enelevelsinthepolymerweredeterminedbymassbalance.usingthefollowingequatio^ 

. Weight Ethylene Consumed = ((A X B)-C) divided by (1 -A), 

'0 where 

A = wt% solids in final emulsion product 

B = total material added to reactor (water, surfadants. Initiator, monomers, ete 

C = total non-volatiles added to the reactor (excluding ethylene) . . "'"^ 

th^e'SpTrim^nr'''^'"'''^^ 
- The designatton U represents delay, S represents staged, and B represents batch addition of monomers. 
.20 GRIT ' 

S^^l ^'^fTTr'T ""^'^ ""^""9 ^ '^^'S^^'^ ''"^"tfty ^'""'s'on polymer through a 100-mesh ' 

T '"^"""^"^ '"^"^"'^ ^ 325.mesh screen. The weight of the drtd poVmer 

-"-t^d-eachscreenwasdividedbythetotalemufeionpolymerweightresuftlnginagritvLfo?^^^^^^ 

BLOCKING 

[0042] Blocking is defined as unwanted adhesion between touching layers of an adhesive coated substrate to itself 
H K? , """" ""'^"^ P^^^^"'^. temperature, or high S v7 hlTdCRm ai 

coated substrates are rolled or wound upon themselves or stacked upon tt,emselves during str^e oTpSr to use 

temnr^u7p° h "T^'V P°^"^er Should have a high thermal melt porThus at 

temperature, the polymer will not convert to a substantially reduced tensile storage modulus state SecoTd the hea 
offus,on,s,nd,cat,veoftheamountofcrystallinity.Atlowc,ystan 

Sock SSt^t^ «f P"*^"^ ^« ' " P™P-«-s oHheTo yml"^^^ 

block. Higher heats of fusion and themial melt temperatures contribute to shelf We of the coated product on storage 

Apparatus and Materials 

[0043] The following materials and apparatus were used: a 2 mil (0.0051 cm) bird bar (or eauivalent^ to nht^m o i 
mil (0.0025 cm) dry coatingonkiaft paper, or other suitable substrateaSnchT/^^^^^^ 
a500gweight(cy.indricalshapedwlthaflatbottom.4cm.n<.ameS;3l7;X^^^^^^^^^ 

Procedure , 

S«s ^"^TT "^^^"^ ""^^ ^° ^^^^'^ "^'"9 « 2 mil bird bar (to obtain approximately a 1 mil drv 

coating). Coated substrate was air dried under TAPPI conditions (73 4°F (23»C) 50% RH^ i^r^TtllT nLl f w 

faS n th ? ^^'^f^:^^; Pl--«^ °" the flat glass plate. A 500 g weight was placed on the glass JaS s^ thaiS 

-H r ' "^^^ ^'"P^^'t^ ««« P'«<=e<l 'n the force? draft oven^i a a 

specif ed teniperature for a specified time. Face to back resutts were reported below (the blocking test rs n^t aTwavs 

pCe" """^'"^ ^ '''' '^'^'^ "-«-ari'y attriblL soieyS 

[0045] The samples are pulled apart carefully and rated for blocking as follows: 1) Non-blockina 2^ Craekllnn mn 
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HEAT SEAL- 

[0046] Heat seal characteristics were determined using the following apparatus, materials and procedure: Sentinel 
Laboratory Heat Sealer. Model 12AS, 2 mil (0.0051 cm) . bird bar or equivalent Materials; Kraft paper, or other suitable 
5 substrate. ' . 

Procedure ' - 

[0047] A substrate was coated using a 2 mil bird bar (or equivalent) and dried overnight (approximately 1 6 hours) at 
• 10 25°C and 50% RH. The coating should be continuous and unifonm on the surface of the substrate. A second sheet of 
the uncoated substrate was placed on top of the coated sheet and the two were placed in the jaws of the Sentinel 
Laboratory Heat Sealer for 1 second at 40 psig (377 kPa). The temperature setting will depend on the emulsion used 
and the substrate used. In this example, 109 °C and 99 °C were used. The two sheets were allowed to cool to room 
temperature. They were then pulled apart and the fiber tear was recorded. (In some cases poor adhesion may result 
. '5 from inadequate coating or other variable and may not be necessarily attributable solely to the polymer For example, 
those polymers having a T„ and a high H, may not melt sufficiently In the time frame allotted to effect adhesion.) 

HOT GREEN STRENGTH 

, 20 . [0048] Hot green strength is a desirable characteristic of the heat seal bond. It is defined as the strength of the bond 
as judged by peel adhesion or cleavage immediately after fomning the bond In the heat sealing process. Reported data 
corresponds to percent fiber tear while the bond is still warm. The ability to hold the bond in place until the coristruction 
cools results in a firnier stronger ultimate bond. If the polymer exhibits poor hot green strength, it may still have good 
heat seal characteristics once the bond reaches room temperature. 
25 ' . 

TENSILE STORAGE MODULUS 

[0049] Tensile storage modulus as a function of temperature was measured at a test frequency of 6.28 rad/sec and 
expressed as dynes/cm2. More specifically, dynamic mechanical testing of the polymer samples for measuring tensile 

30 storage modulus was accomplished using the following procedure. ASTM-D-4065-94 and ASTM-D-5026-94 were used 
as guidelines for this procedure. Each. polymer emulsion was cast as a film and allowed to dry a minimum of several 
days at ambient conditions. The dry film thickness was typically in the range of 0.3 to 0.5 mm. For samples that did 
not f ilm*fonn adequately at room temperature, the polymers were compression molded at 1 00 to 1 50 °C. The specimens 
used for testing were die cut from the film and were about 6.3 mm wide and 30 mm long. The specimens were tested 

35 on a Rheometrics Solid Analyzer (RSA II), from Rheometric Scientific, Inc., to obtain the tensile dynamic mechanical 
properties. Data were obtained every 6 over the -100 to 200 °C range "using a fiber/film fixture and a defonnation 
frequency of 6.28 rad/sec. To help ensure linear viscoelastic conditions, the applied strains were typically 0.05% in the 
glassy region and up to 1 % in the rubbery region. A soak time of one minute was used at each temperature to ensure 
isothennal conditions. For each temperature, the RSA I j calculated the tensile storage modulus (E*), tenslje loss mod- 

^0 ulus (E"), and tangent delta (tan 5) based on the width, thickness and length of the sample. . 

MEASUREMENT OF Tg, T„, AND H, 

[0050] Tg, Tjn, and Hf were detennined via differential scanning calorimetry (DSC) using a TA Instruments Thermal 
45 Analyst 3100 with DSC 2010 module. Polymer samples were thoroughly dried prior to testing. Sarriples were held at 
100 "C in the calorimeter for 5 minutes, cooled to -75 °C, and then the scan acquired at a heating rate of 20 °C per 
minule up to a final temperature of 200 **C. The Tg corresponds to the extrapolated onset values obtained from the 
baseline shift at the glass transition during the heating scan. The melting point ternperature corresponds to the peak 
in the heat flow curve. 

so The heat effusion was calculated by integrating the area under the melting endotherm; the baseline for this integration 
was constructed by extrapolating the linear region of the heat flow curve after the melt, back to the point of Intersection 
with the heat flow curve before the mett. 
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[0052] The following delay mixtures were utilized: 



Material 



^^^^^^^ 



^0 0 % sodium laui^rsm^^^^^^ 



Vinyl Acetate 



Ethylene 



Mass charged, g 



116 



310 



163 



1800 psigforShours 



added at a rate of 5.0 ^min. nrtk ionTiir^S^^^^ ° ''''' ' ^ °' "as 

begun a, 1 .03 g/min, anSthe in2o d^y rasrlSSto 3^^^^^ ' '"^^ 

for 300 minutes. Thevinyl acetate delay surotanfSarJn^^^^^ 



Polymer Composition (by solids 
calculation) 


85% Ethylene 
15% Vinyl acetate 


Tg Onset (°C) 


-36.3 


Viscosity (60/12 rpm)(cps) > 


28/28 


100/325 mesh grit (ppm) 


<160/<170 


% solids 


39.3 


pH 


6.70 


Tm(«'C)/H,(J/g) 


86,7/55.3 



55 



tablebelow: ^^^°""*'°'''''^'.'"°''^'*«^*'"^«««9at«.<='- Data from the samp^ 
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Polymer Composition (%) 


Tg Onset. 


Tm (^C) / Heat of Fusion (J/g) 


- 2a 


67 Ethylene 
33 Vinyl acetate 


-39.6 


66.2/44.3 


3a 


91 Ethylene 

9 Vinyl acetate , 


-41.8 


89.8/65.1 


4a 


76 Ethylene 
24 Vinyl acetate 


. -38.2 


76.0/45.2 


5a 


96.6 Ethylene 
.1,7 Vinyl acetate 
1 .7 Acrylic Acid 


-37.4 


96.6/82 


6a 


64.1 Ethylene 
34.7 Vinyl acetate 
1 .2 Acrylic Acid . 


-37.8 


58.1 /38.3 


7a 


74,7 Ethylene 
24.6 Vinyl acetate 
0.6 Acrylic Acid 


-37.0 


77.12/44.3 


8a 


65 Ethylene 
34'A Vinyl acetate 
0.6 Acrylic Acid 


-36.2 


67.3/32.1 



EXAMPLE 2 



30 



ANIONIC SURFACTANT AND POLY(VINYL ALCOHOL) STABILIZED VAE DELAY ADDITION OF VINYL ACETATE 
AND THERMAL INITIATION 

[0056] Anionic surfactant and poly(vinyl alcohol) stabilized VAE polymer emulsions containing crystalline ethylene 
segments were prepared by first charging a one-gallon stainless steel pressure reactor with the following mixture: 



35 



40 



Material 


Mass charged; g 


Dl Water 


1000 


Rodapon UB sodium lauryl sulfate 


42 


Celvol 205 poly(vinyl alcohol) (10% water solution) 


200 


Vinyl Acetate . " - 


21 


Celvol 205 : 86-88 % hydrolyzed poly(vlnyt alcoho 
nese 


) supplied by Cela- 



so 



1 The following delay mixtures were utilized; 


Material 


Mass charged, g 


Aqueous 10.0 % ammonium persulfate containing 3.5% sodium bicarbonate 


115 


Aqueous 1 0.0% sodium lauryl sulfate 


218 


. Vinyl Acetate 


325 


Ethylene 


1800 pslgfor5 hours 



55 [0058] Agitation at 1 00 rpm was begun with a nitrogen purge. Agitation was then increased to 800 rpm and the reactor 

heated to 80 °C. After pressurizing the reactor with ethylene to 1 800 psig (1 2,51 2 kPa), 5 g of initiator was added at 
a rate of 5.0 g/min. At initiation, the vinyl acetate delay was begun at 1.08 g/min, the surfactant delay was begun at 
0.71 g/mIn, and the initiator delay was re-started at 0.34 g/min. Ethylene pressure of 1800 psig (12,512 kPa) was 
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pleted at the 300 minute mark. Then the reaction mixture was held at temperature for another 30 minutes. Next, the 
reaction was cooled to 30 'C and transferred to a degasser and 2 g of Rhodaiine 675 defoamerwas added The 
Toiiowing properties of the resulting emulsion polymer were measured: 



Polymer Composition (by solids calculation)^ 


70% Ethylene 30% Vinyl acetate 


Tg Onset (°C) 


-40.15 


Viscosity (60/1 2 rpm) (cps) 


4700/5500 


1 00/325 mesfi grit (ppm) 


< 100 /< 2950 


% solids 


45.9 


PH 


4.90 . 


T„(°C)/H,(J/g) 


69.2/42 



EXAMPLE 3 



MIXED HEC/SURFACTANT STABILIZED VAE DELAY ADDITION OF VINYL ACETATE LOW TEMPERATURE 
REDOX INITIATOR = i-^w i civircnMiunt, 

[0059] A onergallon stainless steel pressure reactor was charged with the following mixture; 



Material 


Mass charged, g 


Dl Water 


660 


Ferrous Ammonium Sulfate (2% aqueous solution) 


6.0 


Triton X-200 (28 % solution in water) surfactant 
Triton X-305 (70% solution in water) surfactant 
Igepal CO-630 surfactant . 
Natrosol 250GR (2 % solution In water) HEC 


30 
-42 
12 
350 


Vinyl Acetate 


r , 100 


1 mon, anionic surtactanls supplied by Union Carbide Igepal 00-630; nonyl phenol ethoxylate surfactant sup- 
plied Rhone-Polenc. ^ 



[0060] The following delay mixtures were utilized: 



Material 


Mass charged, g 


Aqueous 4.0 % t-BHP 


235 - 


Aqueous 8.0 % SFS 


243 


Vinyl Acetate 


400 


Ethylene 


1800 psig for 5 hours 


SFS = sodium Tornialdehyde sulfoxylate 



K ri . fn^^°"fr °° "^"^ "^^"^ '^'^^ ^ then increasedto 700 rpm andthe reactor 

H It . pressurizing the reactor with ethylene to 1800 psig (12.512 kPa), 10 g of SFS solution was 

d^«t wIcTJ 'TJ'^^^T- ^^u''"''^'^' ""^ SI'S Sfmin. At initiation, the vinyl acetate 

delay was begun at 1 .21 g/min. Ethylene pressure of 1800 psig (12.512 kPa) was maintained for 360 minutes. The 

Znf^t »t i«'«y "'^.'^"'"P'^tej'^* '^^^ '^''"^ '^^'^y^ ethylene makeup pressure was 

completed at the 360 minute mark. Then the reaction mixture was held at temperature for another 30 minutes Next 
he reaction was cooled to 30 °C and transfenred to a degasser and 2 g of Rhodaiine 675 defoamer was added The 
following properties of the resulting emulsion polymer were measured: 
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Polymer Composition (by solids calculation) 


50% Ethylene 60% VAM 


Tg Onset C'C) 


-384 


Viscosity (60/1 2 rpm) (cps) 


66/107 


100/325 mesh grit (ppm) 


< 8120 /< 630 


% solids , ' 


42.8 


pH . 


4.56 


T„(«C)7H,(J/g) : 


-40*/ 35.4 



transition is broad, ranging from about 16 to SO^C, as determined by DSC. 



EXAMPLE 4 / 

15 

MIXED HEC/SURFACTANT STABILIZED VAE DELAY ADDITION OF VINYL ACETATE HIGH TEMPERATURE, 
THERMAL INITIATOR 

[0062] A one-gallon stainless steel pressure reactor was charged with the following mixture: 



Material 


Mass charged, g 


Dl Water 


1500 


Rhodapon UB sodium lauryl sulfate 


25 


Igepal CO-630 surfactant 


15 


Natrosol 250GRHEC 


350 


Vinyl Acetate 


21 



[0063] The following delay mixtures were utilized: 



^35 



Material 


Mass charged, g 


5% Aqueous ammonium persulfate / 1 .7% sodium bicarbonate 


238 


Aqueous Surfactant Delay: 
1 0.5% sodium lauivl sulfate 
3.5% sodium vinyl sulfonate 


71 (total) 


Vinyl Acetate 


322 


Ethylene 


1800 psig for 5 hours 



[0064] Agitation at 1 00 rpm was begun with a nitrogen purge. Agitation was then increased to 500 rpm and the reactor 
heated to 85 *»C. After pressurizing the reactor with ethylene to 1 800 psig (12,512 kPa), 1 8 g of initiator solution was 
added at a rate of 2.0 g/min. Then the vinyl acetate delay was begun at 1 .07 g/min, the surfactant delay was begun at 
0.24 g/min, and the initiator delay was reduced to 0.70 g/min. Ethylene pressure of 1800 psig (12,512 kPa) was main- 
tained for 300 minutes. The vinyl acetate delay and surfactant delay were completed at the 300 minute mark. The 
initiator delay was completed at the 315 minute mark. Then the reaction mixture was held at temperaturie for another 
'45 minutes. Next, the reaction was cooled to 30 ''C and transferred to a degasser and 2 g of Rhodaline 675 defoamer 
was added. The following properties of the resulting emulsion polymer were measured: 



Polymer Composition (by solids calculation) 


65% Ethylene 
35% Vinyl acetate 


Tg Onset (°C) 


-45 


Viscosity (60 rpm) (cps) 


26 


100/325 mesh grit (ppm) 


<75/<4650 


% solids 


34.7 
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(continued) 



pH ' . , 


4.80 


T^joci/H^J/g) 


66.2741.6 



10 



tZT^rSi^^a^'^'^ ^'^^^^^^^^^ ^'^^ T^EWPERATURE, THERMAL INITIATORS STAGED ADDITION OF 



[0065] A one-gallon stainless steel pressure reactor was charged with the following mixture: 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



Material 


. Mass charged, g 


Dl Water " . 


.900 


Rodapon UB sodiunn lauryi sulfate 
Natrosol 250GR HEC 


60 
500 


Vinyl Acetate- 


100 



[0066] The following delay nfiixtures were utilized: 



Material 


Mass charged, g 


Aqueous 1 0.0 % ammoniunn persulfate containing 3.5% sodium bIcariDonate 


111 


Aqueous 10,0% sodium lauryl sulfate 


360 


Vinyl Acetate 


250 


Ethylene 


1400 psig for 5 hours 



[0067] Agitation at 1 00 rpm was begun with a nitrogen purge. Agitation was then Increased to 800 rpm andthe reactor 
heated to 80 'C. After pressurizing the reactor with ethylene to 1400 psig (9,754 kPa), 5 g of Initiator was added at a 
rate of 5.0 g/min, after which the rate was reduced andmaintained at 0.30 g/min. ten minutes after starting the initiator 
delay, the vinyl acetate delay was begun at 2.78 g/min and the surfactant delay was begun at 1.20 g/min Ethylene 
pressure of 1400 psig was maintained for 300 minutes. The vinyl acetate delay was staged, i.e.. completed at the 90 
minute mark. In a staged addition, generally all of the vinyl acetate is added within the fitBt 1.5 to 3 hours of the 
polymerization. This is in contrast to the previous exaniples. e.g.. Example 4, where the vinyl acetate was added 
(delayed) over the gef)erally 300+ minute reaction time. It is believed that this process will favor the formation of a VAE 
type copolymer early In the polymerization and favor the fomnation of an EVA type polymer having crystalline ethylene 
domains in the later stage of the polymerization. 

[0068] The surfactant delay, initiator delay, and ethylene pressure were completed at the 300 minute mark The 
reaction mixture was then held at temperature for another 30 minutes. Next, the reaction was cooled to 30 «>C and 
transferred to a degasser and 2 g of Rhodaline 675 defoamer was added. The following properties of the resulting 
emulsion polymer were measured: . - 



Polymer Composition (by solids calculation) 


74% Ethylene 
26% Vinyf acetate 


Tg Onset (°C) 


-33.4 


Viscosity (60/12 rpm) (cps) 


660/1440 


100/325 mesh grit (ppm) 


<20/<70 


% solids 


41.2 


pH 


5.43 


Tm(''C)/Hf..(J/g) 


95,0/52.5 
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EXAMPLE 6 



PREPARATION OF ETHYLENE-VINYL ACETATE-ACRYLIC ACID POLYMER DELAY ADDITION, POLYMER SEED. 
REDOX INITIATION AT 60X ' . ^ . ' 

[0069] A one-gallon stainless steel pressure reactor was charged with the following mixture: 



Material 


Mass charged, g 


Dl Water - 


700 ' . 


Rodapon UB sodium lauryl sulfate 


50 


Natrosol 250GR HEC 


500 


Ferrous ammonium sulfate (2% solution In water) 


6 


Vinyl Acetate 


200 



[0070] The following delay mixtures were utilized: 



20 



25 



30 



35 



Material 


Mass charged, g 


Aqueous 4.0 % t-BHP 


108 


Aqueous.8% sodium fonnaldehyde sulfoxylate 


116 


Aqueous 15.0% sodium lauryl sulfate 


195 


87.5 % vinyl acetate and 12.5% acrylic acid solution 


250 


Ethylene 


1600 psig for 5 . hours 



[0071] Agitation at 100 rpm was begun with a nitrogen purge. Agitation was then increased to 800 rpm and the reactor 
heated to 60 ^'C. 1 0 g of sodium formaldehyde sulfoxylate solution was then added. Delay feeds of tert-butylhydrogen 
peroxide at 0.3 g/min. and sodium formaldehyde sulfoxylate at 0.3 g/min were begun. After most of the initial charge 
of vinyl acetate was consumed, the reactor was pressurized with ethylene to 1 600 psig (11 ,133 kPa).Then the monomer 
delay was begun at 0.8.3 g/min and the surfactant delay was begun at 0.65 g/min. Ethylene pressure of 1 600 psig was 
maintained for 300 minutes. The monomer delay, surfactant delay, and ethylene pressure were completed at the 300 
minute mark. The redox initiator delay feeds were completed at the 310 minute mark. Next, the reaction was cooled 
to 30 °C and transferred to a degasser, and 2 g of Rhodaline 675 defoamer was added. The following properties of 
the resulting emulsion polymer were measured: - 



40 



45 



so 



Polymer Composition (by solids calculation) 


50% Ethylene 
46.5% Vinyl acetate 
3.5% Acrylic Acid 


Tg Onset (°C) 


-29.3 


Viscosity (60/12 rpm) (cps) 


270/400 


100/325 mesh grit (ppm) 


<90/<270 


% solids 


37 


pH 


4.6 


T„rC)/H,(J/g) 


69.6/31.3 



EXAMPLE 7 



55 



PREPARATION OF VINYL ACETATE-ETHYLENE-VEOVA-10 ESTER-ACRYLIC ACID POLYMER EMULSION LOW 
TEMPERATURE. POLYMER SEED, REDOX INITIATION 



[0072] A one-gallon stainless steel pressure reactor was charged with the following rnixture: 
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10 



15 



20 



25 



30 



35. 



40 



45 



SO 



55 



Material 


Mass charged, g 




700 


Rodapon UB sodium lauryl sulfate - 

Natrosol 250GR HEC ' 

Ferrous ammonium sulfate (2% solution in water) 


50 

600 

6 


Vinyl Acetate 


60 


"vioVA-10 ester 


60 


VbOVA-1 0 ester: ethenyl ester of versatic acid supplied by Shell ' 



[0073] the following delay mixtures were utilized: 



Material 


Mass charged, g 


Aqueous 4.0 % l-BHP 


124 . ■ 


Aqueous 8% sodium fomialdehyde sulfoxylate 


136 


Aqueous 15.0% Sodium lauryl sulfate 


240 


87.6 % Vinyl acetate and 12.5% acrylic acid solution 


250 


Ethylene 


1500 psig for 6 hours 



heated to 60 C. 0 g of sodium fo.rmaldehyde sulfoxylate solution was then added. Delay feeds ofTert-butvlhvd^onpn 
an^ anitS iL t!? ^^^^sumed, the reactor was pressurized with ethylene to 1500 psig (10 444 kPa) 

g Of Rhodahne 675 defoamer was added. The following properties of the resuWng emutelon pX^weZrur^ 



Polymer Composition (by solids calculation) 


63.5% Ethylene 
27.5% Vinyl acetate 
6.0% VEOVA-10 ester 
3.0% Acrylic Acid 


Tg Onset C'C) 


-31.6 


Viscosity (60/1 2 rpm) (cps) . 


335 / 440 


100/325 mesh grit,(ppm) 


<120/<160 


% solids 


^ 39.4 


pH 


4.5 


Ta,rC)/H,(j/g) 


76.7/52.6 



EXAMPLE 8 



ANIONIC SURFACTANT STABILIZED ETHYLENE-VINYL ACETATE-ACRYLICACID POLYMER HIGH 
TEMPERATURE, THERMAL INITIATOR WITH DELAY ADDITION POLYMER HIGH 

10075] A one-gallon stainless steel pressure reactor was charged with the following mixture: 



Material 


Mass charged, g 


DI Water 


800 



■•4 
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(continued) 



Material 


Mass charged, g 


Rodapon UB sodium lauryl 
sulfate Natrosol 250GR HEC 


55 
500 


Vinyl Acetate 


20 



10 



15 



[0076] The following delay mixtures were utilized: 



20 



25 



30 



35 



40 



SO 



55 



Material 


Mass charged, g 


Aqueous 10,0 % ammonium persulfale containing 3.5 % sodium bicarbonate 


96 


Aqueous 15.0 % sodium lauryl sulfate 


248 


89% Vinyl acetate and 11% acrylic acid monomer solution 


450 


Ethylene 


1 800 psig for 7 hours 



[0077] Agitation at 1 00 rpm was begun with a nitrogen purge. Agitation was then increased to 800 rpm and the reactor 
heated to 80 ®C. After pressurizing the reactor with ethylene to 1 800 psig (1 2,51 2 kPa), 5 g of initiator was added at 
a rate of 5.0 /min. After 5 g of initiator was added, the initiator delay feed rate was reduced to 0.24 g/min. After a 10 
minute period, the monomer solution delay was begun at 1 .07 g/min and the surfactant delay was begun at 0.59 g/ 
min. Ethylene pressure of 1800 psig was maintained for 420 minutes. The vinyl acetate delay, surfactant delay, and 
ethylene pressure were turned off at the 420 minute mark. The initiator was completed at the 430 minute mark followed 
by holding the reaction mixture at temperature for another 30 minutes. The reaction was then cooled to 30 ""C, trans- 
ferred to a degasser, and 2 g of Rhodaltne 675 colloid was added. The following properties of the resulting emulsion 
polymer were measured: . . 



Polymer Composition (by solids calculation) 


61% Ethylene 
35% Vinyl acetate 
4% Acrylic Acid 


Tg Onset («C) 


-33.7 


Viscosity (60/12 rpm) (cps) 


2580/5650 


1 00/325 mesh grit (ppm) 


< 290 / < 260 


% solids 


44 




4.6 


T„rC)/Hj(J/g) 


57.4/13.8 



EXAMPLE 9 

ANIONIC. SURFACTANT STABILIZED POLYETHYLENE EMULSION HIGH TEMPERATURE INITIATION WITH 
DELAY ADDITION 

[0078] A one-gallon stainless steel pressure reactor was charged with the following mixture: . 



Material 


Mass charged, g 


Dl Water 


1000 


Rhodapon UB sodium lauryl sulfate 


40 



[0079] The following delay mixtures were utilized: 
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15 



20 



25 



Material - ' '■ — ^ 


IVIass charged, g 


-.11"!°"^ ^^'^ Ammonium persulfate containing 3.5 % sodium bicarbonate 


80 


Aqueous.10.0 % Sodium lauryl sulfate " 


161. 


Ethylene — 


1800 psig for 3 hours 



Holymer Composition (by solids calculation) 


100% Ethylene 


fg Onset (»C) ; . ( 


None detected 


Viscosity (60/12 rpm) (ops) 


65/220 


100/325 mesh grit (ppm) 


< 2800 / < 936Q 


% solids 


I22 


pH : 


8.7 


TmrC)/H,(J/g) 


98,4/98.7 



EXAMPLE 10 



35 



40 



45 



SO 



55 



Material 


Mass charged, g 


Dl Water 


1000 


Rhodapon UB sodium lauryl sulfate 
Natrosol250GRHEC 


60 
500 


Vinyl Acetate 


150 



[0083] The following delay mixtures were utilized: 



Material ' ' 


Mass charged, g 


Aqueous 1 0,0 % Ammonium persulfate containing 3.5 % sodium bicarbonate 


63 


Aqueous 1 0.0 % Sodium lauryl sulfate ^ 

Ethylene ' \ 


221 

1800 psig for 3 hours 
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a 1 0 minute period, the surfactant delay was begun at 1 .22 g/min. Ethylene pressure of 1 800 psig was maintained for 
180 minutes. The surfactant delay, Initiator delay, and ethylene pressure were turned off at the 180 minute mark, 
followed by holding the reaction mixture at temperature for another 30 minutes, the reaction was then cooled to 30 
.**C, transferred to a degasser, and 2 g of Rhodaline 675 defoamer was added. The following properties of the resulting 
enriulsion polymer were measured: 



15 



Polymer Composition 
(By solids calculation) 


83% Ethylene ■ 
17% Vinyl acetate. 


Tg Onset (^'C) 

Viscosity (60/12 rpm) (cps) 

1 00/325 mesh grit (ppm) 


-35.6 
30/35 

< 155/< 1800 


% solids 


34.5 


pH 


5.6 - 


T^ rC)/ H, (J/g) 


96.7 / 72.5 



EXAMPLE 11 - : ' 

MIXED SURFACTANT SYSTEM FOR PREPARATION OF ETHYLENE-VINYL ACETATE-ACRYLIC ACID POLYMER 
1400 PSIG PRESSURE, STAGED ADDITION HIGH TEMPERATURE, THERMAL INITIATION 

[0085] A one-gallon stainless steel pressure reactor was charged with.the following mixture: 



Material 


Mass charged, g 


Dl Water 


1100- 


Aerosol MA80I surfactant ' 


10 


Monomer Solution comprising 95 wt% vinyl acetate and 5 wt% acrylic acid 


120 


Aerosol MA80I anionic surfactant supplied by Cytec; dihexylester of sodium sulfosucclnic 
acid. 



55 [0086] The following delay mixtures were utilized: 



Material 


Mass. charged, g 


Aqueous 10.0 % Ammonium persulfate containing 3.5 % sodium bicarbonate 


131 


Aqueous solution comprising 15 wt% Rhodacal DS-1 0 surfactant and 85 wt% water 


260 


Monomer Solution comprising 95 wt% vinyl acetate and 5 wt% acrylic acid 


540 


Ethylene 


1400 psig for 5.5 hours 


Rhodacal DS-10 anionic surfactant supplied by Rhodia; sodium dodecylbenzene sulfonate. 



45 

. [0087]- Agitation at 100 rpm was begun with a nitrogen purge. Agitation was then increased to 900 rpm and the reactor 
heated to 80 •'C. After pressurizing the reactor with ethylene to 1400 psig (9,754 kPa), 15 g of Initiator was added at 
a rate of 5.0 g/min! After 15 g of initiator had been added, the initiator delay feed rate was reduced to 0.30 g/min. After 
a 10 minute period, the surfactant delay was begun at 0.72 g/min and the monomer solution delay was begun at 3.0 

50 g/min. Ethylene pressure of 1400 psig was maintained for 5.5 hours. The monomer solution delay was turned off at 
the 3 hour mark. The ethylene makeup valve was closed at the 5.5 hour mark. The surfactant delay and initiator delay 
were stopped at the 6 hour mark, followed by holding the reaction mixture at temperature for another 30 minutes. The 
reaction was then cooled to 30 °C, transferred to a degasser, and 2 g of Rhodaline 675 defoamer was added. The 
following properties of the resulting emulsion polymer were measured: 

55 ' . ' 
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15 EXAMPLE 12^ 



Polymer Composition 
, (By soltcfs calculation) 


51 % Ethylene, 

4B \/in%#l ana^at^ 

2.5% Acrylic Acid 


Tg Onset (''C) 


-29.9 


Viscosity (60/12 rpm) (ops) 


400/1260 


100/325 mesh grit (ppm) 


<20/<25 


% solids 


' 49.1 


pH 


4.5 


T„(»C)/H,(J/g) 


86.7/23:6 



20 



25 



30 



35 



40 



SO 



MIXED SURFACTANT SYSTEM jN PREPARATION OF ETHYLENE-VINYL ACETATE-ACRYLIC ACID POI YMPR 
1400 PSIG PRESSURE, STAGED ADDITION LOW TEMPERATURE, REDOX I Nl^^^^^ '''''''''' 

IT^^ , • *° E^^'^P'e 1 1 and provides a comparison of low temperature, redox initiation to 

themial m.t.at.on. A one-gallon stainless steel pressure reactor was charged with the following mixiure: 



Material 


Mass charged, g 


Dl Water 


. 700 


Rhodacal DS-10' "■™ — -7- 
Natrosol 250GR HEC 

Ferrous ammonium sulfate (2% solution In water) 


9 

500 
8 


Monomer solution containing 95 wSi, vinyl acetate and 5 wt% acrylic acid 


120 



[0089] The following delay mixtures were utilized: 



Material . ^ 


Mass charged, g 


Aqueous 4.0 %t-BHP 


133 


Aqueous 8% sodium fonnaldehyde sulfoxylate 


132 


Aqueous solution containing 52.5 g Rhodacal DS-10 and 297.5 a water 


306 


Monomer solution containing 95 wt% vinyl acetate and 5 wt% acryHc acid 


540 


Ethylene 


1400 pslgfor5.5 hours 



cMifliio? p'.The'^eactor was then pressurized with ethylene to 1400 psig (9,754 kPa). 10 g of sodium formaldehyde 
thlJlflnt ^ f T '^^^'^ ^° ^'""'^ P^™"^' "lonomersolution delay was begun at3.0 g/min and 

monomersolutiondelaywasstopped at theShourmark. The ethylenemakeup valve was cto^^^ 

The surfactant delay and redox delays were stopped at the 6 hour mark, Ne«, the reaction cooled to 30 »C and 

"^2::;^:^^ ' — - - --ng prcperrf r L^uSg^ 



55 



Polymer Composition (by solids calculation) 


41 % Ethylene 
56% Vinyl acetate 
3% Acrylic Acid 


Tg Onset ("C) 


-27.4 



< 

18 
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(continued) 



Viscosity (60/12 rpm) (cps) ' 


700/1500 


1 00/325 mesh grit (ppm) 


< 125 /< 310 


% solids 


41 


pH 


4.2 


T^(°C)/H,(J/g) 


91.2/25.7 



15 



30 



35 



40 



SO 



55 



ANIONIC SURFACTANT IN PREPARATION OF ETHYLENE-VINYL ACETATE- ACRYLIC ACID POLYMER 
EMULSION 1400 PSIG PRESSURE, STAGED ADDITION HIGH TEMPERATURE. THERMAL INITIATION 

[0091] This example is similar to Example 11 except a tower level of acrylic acid is used. A three-gallon stainless 
steel pressure reiactor was charged with the foUowing mixture: 



20 


Material 


Mass charged, g 


Dl Water ' 


3000 




Rhodapon UB sodium lauryl sulfate 
Natrosol 250GR HEC 


180 
1500 


25 


Monomer Solution comprising 98.75 wt% vinyl acetate and 1 .25 wt% acrylic acid 


300 


[0092] 


The following delay mixtures were utilized: 





Material 


Mass charged, g 


Aqueous 10.0 % Ammonium persulfate containing 3 % sodium bicarbonate 


363 


Aqueous 1 0.0 % Sodium lauryl sulfate 


990 


Monomer Solution comprising 98.75 wt% vinyl acetate and 1 .25 wt% acrylic acid^ 


746 


Ethylene 


1400 psfg for 5 hours 



[0093] Agitation at 100 rpm was begun with a nitrogen purge. Agitation was then increased to 600 rpm and the reactor 
heated to 80 °C. After pressurizing the reactor with ethylene to 1 400 psig (9,754 kPa), 1 5 g of Initiator was added at 
a rate of 5.0 g/min. After 5 g of initiator had been added, the initiator delay feed rate was reduced to 0.90 g/min. After 
a 10 minute period, the surfactant delay was begun at 3.30 g/min and the mononrier delay was begun at 8.33 g/min. 
Ethylene pressure of 1400 psig was maintained for 300 minutes. The monomer delay was stopped at the 90 minute 
mark. The initiator delay rate was increased to 1 .30 g/min at the 2 hour mark. The surfactant delay, initiator delay, and 
ethylene control valve were turned off at the 5 hour mark., followed by holding the reaction mixture at temperature for 
another 30 minutes. The reaction was then cooled to 35 "C, transferred to a degasser, and 2 g of Rhodaline 675 
defoamer was added. The following properties of the resulting emulsion polymer were measured: 



Polymer Composition (By solids calculation) 


74% Ethylene 25.7% Vinyl acetate 0.3% Acrylic Acid 


Tg onset C'C) 


-33.4 


Viscosity (60/12 rpm) (cps) 


200/300 


1 00/325 mesh grit (ppm) 


<115/<450 


% solids 


41.4 


pH 


6.0 


T„(oC)/H^(J/g) 


95.1/51.6 
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EXAMPLE 14 



^ ETHYLENE-VINYL ACETATE-ACRYLIC ACID POLYMER 1400 PSIR PRPQqi ipc cTAr^cr^ *r.r..^ ' 
TEMPERATURE REDOX INITIATION. CHAIN JHANsSr^^^ ^^^"^^"^ ^^^Z 



10 



IS 



20 




Natrosol250GR(2% aqueous s<^^^^^^ 



Ferrous ammonium sulfate (2% aqueous solution) 



500 



120 



25 



30 



35 



40 



45 



SO 



55 



[0095] The following delay mixtures were utilized: 



Material 


> Mass charged, g 


Aqueous 4.0 %t-BHP " • — 


130 


Aqueous 8%.sodium formaldehyde sulfoxylate 7*"*" ""■*■"**•"•" 


139 


Aqueous solution containing 52.5 g Rhodacal DS-1 0 and 297 5 g water ' 


306 


1 Ethylene ' " — 


540 




1400 psigfor5.5 hours 



at0.86g/minandtheLnomeS^^^^^^ 

period to maintain reasonable reaction rates ETMeneTessSre ^400 Lin ^ were adjusted during the reaction 
omer solution delay was turned off at the 3 hou^^r^ '^Z Zl!^''!^^^.'^. "'^'^'"^^ 5.5 hours. The mon- 



omer solution delay was turned off at he 3 hou ma k rZ .^ . ^^^^<i for 5.5 hours. The mon. 

The surfactant delay and iSor dX ^re s oooed a^^^^^^ makeup valve was closed at the 5.5 hour mark 



Polymer Composition 
(By solids calculation) 


42.5% Ethylene 
55% Vinyl acetate 
2.5% Acrylic Acid 


Tg Onset (°C) 


-27.1 


Viscosity (60/12 rpm) (cps) 


348/710 


1 00/325 mesh grit (ppm) 


< 95 / < 40 


% solids 


Ui.g 


pH 


4.0 


Tmrci/hVy^g) 


89.9/15.8 
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EXAMPLE 15 

ETHYLENE-VINYL ACETATE-ACRYLIC ACID POLYMER 1400 PSIG PRESSURE, STAGED ADDITION, HIGH 
TEMPERATURE THERMAL INITIATOR, SURFACTANT STABILIZED 

[0098] A one-gallon stainless steel pressure reactor was first charged with the following mixture; 



10 



Material 


Mass charged, g 


Dl Water 


. 1100 


Aerosol MA-801 


10 


Monomer Solution comprising 95 wt% vinyl acetate, and 5 wt% acrylic acid 


120 



15 [0099] The following delay mixtures were utilized: 



Material 


Mass charged, g 


Aqueous 1 0.0% Ammonium persuifate containing 3.5% sodium bicarbonate 


127 


Aqueous solution containing 175 g Rhodaca! UB and 175 g water 


260 


Monomer Solution comprising 95 wt% vinyl acetate and 5 wt% acrylic acid 


540 


Ethylene 


1400 psig for 5.5 hours 



25 [0100] Agitation at 1 00 rpm was begun with a nitrogen purge. Agitation was then increasedto 900 rpm andthe reactor 
heated to 80°C., After pressurizing the reactor with ethylene to 1 400 psig (9,754 kPa), 15 g of initiator was added to 
the reactor at a rate of 5.0 g/min and once these 15 g were in, the Initiator rate was reduced to 0.30 g/mln. After a 15 
minute period, the surfactant delay was begun at 0.72 g/min and the monomer solution delay was begun at 3.0 g/min. 
• Ethylene pressure of 1 400 psig was maintained for 5.5 hours. The monomer solution delay was turned off at the 3 hour 

30 mark. The ethylene makeup valve was closed at the 5,5 hour mark. The surfactant delay and redox delays were stopped 
at the 6 hour mark, followed by holding at temperature for 30 minutes. The reaction was then cooled to 35°C, transferred 
to a degasser to remove unreacted ethylene, and 2 g of Rhodaline 675 defoamer was added. The following properties 
of the resulting emulsion polymer were measured: 



Polymer Composition 
(By solids calculation) 


54% Ethylene 
43.7% Vinyl acetate 
2.3% Acrylic Acid 


Tg Onset (*»C) 


-30.8 


Viscosity (60/12 rpm) (cps) 


1670/4610 


100/325 mesh grit (ppm) 


, < 103/ < 270 


% solids 


50.9 


pH 


4.8 


T„(oC)/H,{J/g) 


90.6/17.8 



EXAMPLE 16 

ETHYLENE-VINYL ACETATE-ACRYLIC ACID POLYMER 1400 PSIG PRESSURE, STAGED ADDITION, HIGH 
TEMPERATURE THERMAL INITIATOR. SURFACTANT STABILIZED, SEED ADDED 

[0101] This example demonstrates the use of polymer seeds (e.g., VINAC® 884 poly(viny! acetate) supplied by Air 
Products Polymers, L.P) to facilitate ethylene incorporation into the polymer at ethylene pressures below 2000 psig 
and the effect on heat seal performance. 

[01 02] A one-gallon stainless steel pressure reactor was charged with the following mixture: 
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10 



15 



20 



25 



30 



35 



40 



• ^ IWIatorial 
iviaieiiell 


Mass charged, g 


Dl Water. 


1000 


Aerosol MA-801 : 


to • 


VINAC 884 poly(vinyl acetate) "^^ ~" 


200 


Monomer Solution comprising 95 wt% vinyi acetate, and 5 wt% acrylic acid 


120 



[0103] The following delay mixtures were utilized: 



Material 


Mass charged, g 


Aqueous 10.0% Ammonium pcrsulfate containing 4% sodium bicarbonate 


129 


Aqueous solution containing 52.5 g Rhodacal D^-10 and 297"5 g water 


260 


Monomer Solution comprising 95 wt«/i vinyl acetate and 5 wt% acrylic acid 


540 


Ethylene 


1400 psigfor5.5 hours 



thel^i^tor at a o sTZin Tni '"T T ' ^^'^ ^^'^^ ^^^^J' ^ ^ 9 '^^^^^ was added to 

mL^o i I ^ '^^^^ 9 '"it'ator rate was reduced to 0 30 q/min After a 15 



Polymer Composition 
(By solids calculation) 


52% Ethylene 
45.6% Vinyl acetate 
2.4% Acrylic Acid 


Tg Onset (^C) . 


-30.7 


Viscosity (60/12 rpm) (cps) 


652/1670 


100/325 mesh grit (ppm) 


<97/<202 


% solids 


51.8 


pH 


4.7 


Tm(^C)/HHJ/g) . 


88.7/17.7 



EXAMPLE 17 



45 



SO 



55 



Material 


Mass charged, g 


Dl Water ~ " ' " 


1100 


Aerosol MA-801 


10 


Sodluhi citrate 


1 
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(continued) 



Material 


Mass charged, g 


Monomer Solution comprising 94.71 wt*^o vinyl acetate, 4.71 wt% acrylic acid, and 0.571 wt% 

dodecylmercaptan 


120 



[0106] The following delay mixtures were utilized: 



Material 


Mass charged, g 


Aqueous 10.0% Ammonium persulfate containing 4% sodium bicarbonate 


64.5 


Aqueous solution containing 175 g Rhodacal UB and 175 g water 


260 


Monomer Solution comprising 94.71 wt% vinyl acetate, 4,71 wt% acrylic acid, and 0.571 
wt% dodecylmercaptan 


540 


Ethylene 


1400 psig for 5.5 hours 



[0107] Agitation at 100 rpm was begun with a nitrogen purge. Agitation was then Increased to 1000 rpm and the 
20 reactor heated to 80 °C. After pressurizing the reactor with ethylene to 1400 psig (9,754 kPa), 20 g of initiator was 
added to the reactor at a rate of 1 .0 g/min. Once these 20 g were in, the initiator rate was reduced to 0,30 g/min. and 
the surfactant delay was begun at 0.72 g/min and the monomer solution delay was begun at 3.0 g/min. Ethylene 
pressure of 1400 psig was maintained for 5.5 hours. At the 2 hour mark, the initiator delay rate was reduced to 0.15 
g/min. The monomer solution delay and the initiator delay were turned off at the 3 hour mark. The ethylene makeup 
25 valve was closed at the 5.5 hour mark. The surfactant delay was stopped at the 6 hour mari<, followed by holding at 
temperature for 30 minutes. The reaction was then cooled to 35 ^'C, transferred to a degasser to remove unreacted 
ethylene, and 2 g of Rhodaline 675 defoamer was added. The following properties of the resulting emulsion polymer 
were measured: 



Polymer Composition 
(By solids calculation) 


37.5% Ethylene 
59.5% Vinyl acetate 
3% Acrylic Acid 


Tg Onset (''C) 


-28.5 . 


Viscosity (60/12 rpm) (cps) 


130/188 . 


100/325 mesh grit (ppm) 


<120/<39 


% solids 


44.5 


PH 


4.3 


T^(oC)/H,(J/g) 


79.8/8.4 



EXAMPLE 18 

45 ETHYLENE-VINYL ACETATE-ACRYLIC ACID POLYMER 1400 PSIG PRESSURE, STAGED ADDITION, LOW 
TEMPERATURE REDOX INITIATOR, H EC/SURFACTANT STABILIZED 

[0108] This example demonstrates another process for staged polymerization where both the monomer solution and 
ethylene are staged to alter the overall balance of polymer properties, and specifically in this example, to raise the Tg 
so of the amorphous regions of the polymer while still maintaining crystalline ethylene domains. A one-gallon stainless 
steel pressure reactor was charged with the following mixture: 



Material 


Mass charged, g 


01 Water 


700 


Rhodacal DS-10 


9 


Natrosol 250GR (2% aqueous solution) 


500 
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(continued) 



Material 


Mass charged, g 


Ferrous ammonium sulfate (2% aqueous solution) 


6 


Monomer Solution comprising 94.71 wt% vinyl acetate, 4.71 wt% acrylic acid and 0 571 wt% 
dodecylmercaptan 


120 



10 



IS 



20 



25 



30 



[0109] The following delay mixtures were utilized: 



' Material 


Mass charged, g 


Aqueous 4.0 %t-BHP 


- 118 


Aqueous 8% sodium formaldehyde sulfoxylates - 


127 


Aqueous solution containing 52.5 g Rhodacal DS-1 0 and 297.5 
g water 


. 270 ' 


Monomer Solution comprising 94.71 v^/o vinyl acetate, 4.71 
wt% acrylic acid, and 0.571 wt% dodecylmercaptan 


540 


Ethylene 


700 psig for 3 hours and 1400 psig for 2.5 hours 



tn S^r A« *^ ^ """^^^ ^^9"^*'°" '"'^^^^s^d to 900 rpm and the reactor 

Z^!j.lh I . ! Pressunzing the reactor with ethylene to 700 psig (4,928 kPa), 1 0 g of 8% aqueous sodium 
fonnaldehyde sul oxylate was added to the reactor. Delay feeds.of tert-butyihydrogen peroxide (4%) at 0.4 g/min and 
B'A sodjum formaldehyde su tfoxylate at 0.4 g/n.in were begun. At inftiation. the surfactant delay was begun a7J^75 cJ 
ml^«fn 1' """"T' ""i"'"" ""^y ^ ^^""^ ^^'^ ^'^j^^ted during the reaction period to 

Jlur ITfh ^ ^ ^^'"^ P'^^"'^ °' <4'928 kPa) was r^aintained for 3 hours. At the 3 

attheehou^Lrrr ' 

fn?2 a of Rhorfn Jr7^^^^^^ '° ''^"^'^"'^ *° " ^o remove unreacted ethytene, 

and 2 g of Rhodalme 675 defoamer was added. The following properties of the resulting emulsion polymer were meas- 



35 



40 



45 



Polymer Composition 
(By solids calculation) 


34% Ethylene 
63% Vinyl acetate 
3% Acrylic Acid 


Tg Onset (°C) 


-8.9 


Viscosity (60/12 rpm) (cps) 


626/1320 


% solids- 


39.1 


PH 


r 4.5 


T„rC)/H, (J/g) 


93.7 / 28.3 



EXAMPLE 19 



so 



55 



ETHYLENE-VINYL ACETATE-ACRYLIC ACID POLYMER 1400 PSIG PRESSURE STAGED ADDITION LOW 
TEMPERATURE REDOX INITIATOR, H EC/SURFACTANT STABILIZED ADDITION. LOW 

ShvllL IlliT Tt'^ demonstrates another process for staged polymerization where both the monomer solution and 

f thfrrnh ' Tl ^P^^'^'^^"y ^his example, to raise the T, 

of the amorphous regions of the polymer while still maintaining crystalline ethylene domains. A one-gallon stainlesi 
steel pressure reactor was charged with the following mixture: ' 
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Material 


Mass charged, g 


Dl Water ^ ' 


700 


nnodacai us-io 


' 17 


Natrosol 250GR {2% aqueous solution) - 


500 


Ferrous ammonium sulfate (2% aqueous solution) 


6 


Monomer Solution comprising 94.76 wt% vinyl acetate, 4.71 wt% acrylic acid, and 0.529 wt% 
dodecylmercaptan 


250 



10 



[01 12] The following delay mixtures were utilized: 



Material 


, Mass charged, g 


Aqueous 4.0 % t-BHP 


124 


Aqueous 8% sodium fonnaldehyde sulfoxylates 


134 


Aqueous solution containing 52.5 g Rhodacal DS-1 0 and 297.5 
g water 


264 . 


Monomer Solution comprising 94.76 wt% vinyl acetate, 4.71 
wt% acrylic acid, and 0.529 wt% dodecylnfiercaptan 


540 


Ethylene 


400 psig for 3 hours and 1 400 psig for 2.5 hours 



15 



20 



25 



30 



35 



40 



45 



[0113] Agitation at 100 rpm was begun with a nitrogen purge. Agitation was then increased to 1000 rpm and the 
reactor heated to 60 °C. After pressurizing the reactor with ethylene to 400 psig (2859. psig), 10 g of 8% aqueous 
sodium fomnaldehyde sulfoxylate was added to the reactor. Delay feeds of tert-butylhydrogen peroxide (4%) at 0.4 g/ 
min. and 8% sodium fonnaldehyde sulfoxylate at 0.4 g/min were begun. At initiation, the surfactant delay was begun 
at 0.75 g/mIn and the monomer solution delay was begun at 3.0 g/min. Redox rates were adjusted during the reaction 
period to maintain reasonable reaction rates. Ethylene pressure of 400 psig was maintained for 3 hours. At the 3 hour 
mark, the monomer solution delay was turned off and the ethylene pressure was Increased to 1400 psig (9,754 kPa). 
At the 5.5 hour mark, the ethylene makeup valve was closed. The surfactant delay and redox delays were stopped at 
the 6 hour mark. The reaction was then cooled to 35 *'C, transfen'ed to a degasser to remove unreacted ethylene, and 
2 g of Rhodaline 675 defoamerwas added. The following properties of the resulting emulsion polymer were measured: 



Polymer Composition 
(By solids calculation) 


24% Ethylene 

72.5% Vinyl acetate 
3.5% Acrylic Auid 


Tg Onset C»C) 


+10.7 


Viscosity (60/12 rpm) (cps) 


530/1160 


100/325 mesh grit (ppm) 


<300/<193 


% solids 


40.2 


PH 


4.2 


T„(-C)/Hj(J/g) 


95.3/24.1 



so 



COMPARATIVE EXAMPLE 20 



COMPARISON OF US 6,319,978 POLYMER 



55 



[01 14] This example is provided to illustrate the differences in crystalline melting point and crystalline heat of fusion 
for pressures sensitive adhesives as described in US 6,31 9,978 compared to the EVA polymers described herein. The 
comparative polymer was prepared by a method similar to the method disclosed in US 6,319,978, Example 2. The 
polymerization pressure was 1400 psig (9,754 kPa) and the polymerization was effected at 80 "C. 
[01 15] DSC analysis shows that a VAE emulsion polymer prepared by the method of US 6,31 9,978 exhibits a very 
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DdnSTnH K ! r " ^'^«'^P"f'^'' Example 6 of this invention exhibit much higher crystalline meltino 
^TL T ^^^'^ °' '"'"P''^^ ^'^'^^'^ s^-'sft'^e «dhesives disclosed in U?6 3 9 g/TSe 

m^rt^nnint « ^ ^ « '^'f' "^^^ morphologically Very different, since it has a much higher crystalline 

melting po.nt and limited flow properties at elevated temperatures. Compositions described in US 6 319 978 S no 
topressuresensrt«.eadhesives,obviouslyareessentiallyliquidattempe^^^^^ 

d eTeTn's 6 ^^^^^^^^ '^T' ""-^ ''""'''''"'^ ^'^^ ^ ^ the^eiu " ensl" 

aanesives in US 6,31 9,978 and allow for use m heat seal applications. 



: Sample 


Ethylene Content (wt%) 


Crystalline Melting Point (T.,, 
°C) 


Crystalline Heat of Fusion (J/g) 


US 6,319,978* 


50 


-2.5 


11.5 


Example 6 


50 


69.6 


31.3 


• Example 7 


64 


76.7 


52.6 


Example 8 


61 


57.4 


13.8 


Example 9 


100 


98.4 


98,7 


Example 1 0 


83 


96.7 


72.5 


Per Example 1** 


68 


73.7 


38.1 


Per Example 8*** 


63 


68.4 


26.8 


preparation similar to procedure of Ex. 2, US 6.319,978 ' 





25 
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••prepared according to the procedure of Example 1 
**• prepared according to the procedure of Example 8 

J<^ls ZlSZl^^^:V" T °' ««*"ted to crystalline ethy ene 

domains as reflected in the T„ above room temperature. H,. and tensile storage modulus at elevated temperatures 

COMPARATIVE EXAMPLE 21 

COMPARISON OF POLYMER DISCLOSED IN US 5,747,578 (EXAMPLE 9) 

phase of the polymerization is believed to represent the closest example to the subieci of^fs fnvenSn JJrienW 

clTa%d^Xe r 'i ; ^ "^^'"^'^ thecorSJi ctz";^ ^^^^^ 

compared to the staged polymenzations as illustrated in Example 10 . ""lereni 

r^itara^drrd.;?^^^^ 
p^re%.:re1s^r.'r^^ 

*° f^^"**" ^"'S"'^- E'^ample 9 was reproduced in a manner that would maximize the chances 
tl'welchrof rr " ^"^"""^ ^^^^■""'•y- ^ ««« pertorZXh date "n"d 

tempe^^^^^^^^ '° ''''T f " the inrtial reactor charg^ at a 

i"„lfJ!J../ ?T^f "°? P"^9^<^ "'t^' "'trogen and ethylene, and then charged with 353 1 g Celvol20S (20% 
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was added to the reactor rapidly. The reactor temperature was then Increased to 60 *C which resulted in a maxlnrium 
ethylene pressure of 1249 psig (8,713 .kPa). The ethylene pressure control was set at 1233 psig (8,603 kPa). Once 
the 60 °C temperature was reached, a vinyl acetate delay at 0.97 g/min and a 4.8% aqueous ammonium persulfate 
delay at 0.14 g/min were begun. The ethylene supply was stopped 6 hours after beginning the vinyl acetate delay 

5 Eight hours after beginning the vinyl acetate delay, the rate was increased to 1 .94 g/min. Nine hours after beginning 
the vinyl acetate.delay, the persulfate delay and vinyl acetate delay were stopped. At this point, 1 8.75 g of 4.8% aqueous 
ammonium persulfate was added to the reactor rapidly. The reactor temperature was then linearly Increased over the 
next 1.5 hours to B5°C, followed by holding at this temperature for another hour. The contents of the reactor were 
cooled and transferred to a degasser tank. 

10 [0121] The procedure outlined above was repeated, except the reaction was stopped at the end of the first polymer 
phase. A one-gallon reactor was purged with nitrogen and ethylene, and then charged with 353.1 g Celvol 205 (20% 
aqueous solution), 706 g Cetvol 523 (10% aqueous solutions), 464.7 g deionlzed water, 1 .8 g Rhodapon UB (30%)," 
13.6 g Igepal CO-887 (70%), 1 .56 g sodium metablsulfite, and 6.35 g sodium acetate. Agitation was begun at 100 rpm 
followed by the addition of 74.7 g of vinyl acetate. The reactor was then purged again. Agitation was increased to 1 000 

15 rpm and the reactor was heated to 40 °C. 41 5 g of ethylene was then charged to the reactor which resulted In a pressure 
of 987 psig (6,907 kPa). 31 .25 g of 4.8% aqueous ammonium persulfate was added to the reactor rapidly. The reactor 
temperature was then Increased to 60 °C which resulted In a maximum ethylene pressure of 1247 psig. The ethylene 
pressure control was set at 1233 psig (8603 kPa). Once the 60 °C temperature was reached, a viny! acetate delay at 
0.97 g/min and a 4.8% aqueous ammonium persulfate delay at 0.14 g/min were begun. The ethylene supply was 

20 stopped 6 hours after beginning the vinyl acetate delay. Eight hours after beginning the vinyl acetate delay, the persulfate 
delay and the vinyl acetate delay were stopped. At this point, 18.75 g of 4.8% aqueous ammonium persulfate was 
added to the reactor rapidly. The reactor temperature was then linearly increased over the next 1.5 hours to 85 °G, 
followed by holding at this temperature for another hour. The contents of the reactor were cooled and transferred to a 
degasser tank. 

25 [0122] , A representative polymer of this invention was prepared by the following procedure: A one-gallon stainless 
steel pressure reactor was charged with the following mixture: 



Material 


Mass charged, g 


Dl Water 


500 


Rhodacal DS-10 
Natrosol250GRHEC 

Ferrous ammonium sulfate (2% solution in water) 


9 

500 
6 


Monomer solution containing 94.2 wt% vinyl acetate, 4.7 wt% acrylic acid, and 1.1% dodecyl - 
mercaptan ^ 


120 



[01 23] The following delay mixtures were utilized: 



Material 


Mass charged, g 


Aqueous 4.0 %t-BHP 


137 


Aqueous 8% sodium fonnaldehyde sulfoxylate 


137 


Aqueous solution containing 52.5 g Rhodacal DS-10 and 297.5 g water 


289 


Monomer solution containing 94.2 wt% vinyl acetate, 4.7 wt% acrylic acid, and 1.1% 
dodecyl mercaptan 


541 


Ethylene 


1400 psig for 5.5 hours 



[0124] The pH of the initially charged mixture was adjusted to 4.0 with acetic acid. Agitation at 1 00 rpm was begun 
with a nitrogen purge followed by addition of the initial monomer solution. Agitation was then increased to 900 rpm and 
the reactor heated to 60 ""C. The reactor was then pressurized with ethylene to 1400 psig (9,754 kPa). 10 g of sodium 
formaldehyde sulfoxylate solution was then added. Delay feeds of tert-butylhydrogen peroxide at 0,4 g/min . and sodium 
formaldehyde sulfoxylate at 0.4 g/min were begun. After a 10 minute period, the monomer solution delay was begun 
at 3.0 g/min and the surfactant delay was begun at 0.80 g/min. Ethylene pressure of 1400 psig was maintained for 5.5 
hours. At the 2 hour mark, the tert-butylhydrogen peroxide and sodium fonmaldehyde sulfoxylate delay rates were 
reduced to 0.3 g/min. The monomer solution delay was stopped at the 3 hour mark. The ethylene makeup valve was 
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[0125] ThefollowingpropertiesoftheresultingemulsioncopolymerweremeasZ^^ 



Copolymer Composition (by solids calculation) 


39% Ethylene 
58.1 %VAM 
2.9% Acrylic Acid 


Tg Onset (°C) 


, -29.1 


Viscosity (60/1 2 rpm) (cps) 


970/2580 


100/325 mesh coagulum (ppm) 


143/60 


% solids 


43.7 


PH 


4.36 


TmrC)/H/(J/g) 


84/28.5 



I- —J . H, vHB-ues or me iwo polymers produced by the procedure of Exa 
prepared by the method of this invention are summarized in the table below: 





US 5747578, Example 9 (Full 
Example) 


US 5747578, Example 9 (First 
Phase Polymer) 


Example of Invention 


Ethylene Content 


32.5% 


36% 


39% 


Viscosity (60 rpm, cps) 


> 10,000 


> 10,000 


970 


Tg (onset) 


-24.9°C 


-30.3°C 


-29.1 


Tm (ethylene) 


None Detected^ 


None Detected^ 


84 "C ^ 


Hf(J/g) 






28.5 


Reactor Yield 


21% 


29.7% 


81% 


pH 


4.68 


4:81 


4.36 


Solids Content 


42.9% 


40.2% 


43.7% 


^Melting point due to poly(vinyl ateohol) observed at approximately 190 «C ' '' 

Melting point due to poly(vhyl alcohol) observed at approximately 180 «C. 
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the reproduction of the polymer according to ExaS 9^^^^^^ °"""9 
consumed as noted by L few tlmerS^e eSvlerjl! h^^^^^ 
notably,thecomposJ„sprepar,:,ror;^^^^^^^^ 

phase polymer) do not contain any crystalline ethylene seaments as ^rm^^H k ' ' ^ (mduding the first 

..action mMmm, IWB oloyaaHn. " 

hM«nns ««i.„l mM„g of alMen, 2„ ite maC .^iJ^T?: J l.*«r viscosity. ™Mion modium th.s 

.oc™„et..,.«..dj«.„^^r,sr:ror^,zr^"::r'"""^ 
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COMPARATIVE EXAMPLE 22 

POLYMER DISCLOSED IN U.S. 3,692,723 (EXAMPLE 18) 

5 [0129] The polymer type of Example 1 8 of US 3,692, 723 (Denki) was reproduced in a one-galion pressure reactor 
Increasing the batch size by a factor of four. The reactor was purged with nitrogen and ethylene, and then charged 
with 120 g Celvol 540 (1 0% aqueous solution), 587.9 g deionized water, 11 .5 g Igepal 00-897 (70%), 66.7 g Rhodapon 
UB (30%) sodium lauryl sulfate, 6 g sodium dihydrogen phosphate, and 8 g sodium persulfate. Agitation was begun 
at 1 00 rpm followed by the addition of 228 g of vinyl acetate. The reactor was then purged again. Agitation was increased 

10 to 1 000 rpm, the reactor was heated to 60 "^C, and pressurized with ethylene to 1 42 psig (1 ,080 kPa). Once the reactor 
was at temperature, the ethylene pressure was increased to 1 422 psig (9.906 kPa) . The reactor temperature was then 
held at 60 "C for 2 hours while maintaining an ethylene pressure of 1422 psig (9,906 kPa). The ethylene supply was 
then stopped and the contents of the reactor were cooled and transfen^ed to a degasser tank. The procedure outlined 
above was repeated again, except the reaction was conducted at an ethylene pressure of approximately 1850 psig 

IS (1 2,857 kPa) Instead of 1422 psig (9,906 kPa). The rissults of these two comparative runs are summarized in the table 
below. 



30 





US3692723, 
Example #18. 
(1422 psig) 


US3592723, 
Example #18 
(1850 psig) 


Ethylene Content 


?* 


?* 


Viscosity (60 rpm, ops) 


263 


570 


Tg (onset) 


-36.3 «C 


-36.5 **C 


T^ (ethylene) 


39 °C 


46.7 


H,(J/g) 


6.1 


16.0 


PH 


- 6.1 


6.0 . ' 


Solids Content 


24.7% 


22.3% 


Residual vinyl acetate monomer (VAM) 


1.6% 


3% 


- - 325 Grit 


54 


376 


100 Grit 


. 63 


308 


Non-Block 


PASS 


PASS 


HGS 


0 


0 


Fiber Tear 


75% 


0 



*Mass balance calculation resulted In negative ethylene consumptbn. probably due to material hang up in the reactor. 



[0130] A summary of the conditions of polymerization and the results of various tests, such as blocking, heat seal^ 
hot green strength (HGS), and tensile storage modulus (E'), for the examples, are presented In the table below: 
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o 

o 
LO 
t— 

T- 

QJ 


1.2E+05 


1.4E+05 


o 


1.60E+05 


ON 


5.7E+04 


1.1E+05 


1.0E+05 


4.30E+05 


ND 


Q 


o 

Lil 
0) 


1.0E+06 


CD 
O 
+ 
LU 


ON 


. ND 


3.4E+05 


5.3E+05 


« 

CD 


ND 


ND 


ND 


ND 


ND 


o 


' o 


ND 


ND 


ND 


ND 


O 


O 

in 


O 
in 


O 


Q 


lO 


in 


Block 


pass 


pass 


pass 


pass 




pass 


pass 


pass 


pass 




pass 


pass 


pass 


pass 


pass 


ND 


pass 


pass 


Heat 
Seal 


o 


o 


o 


o 




O 

o 


o 
o 


o 

o 


ir> 

N 


o 


o 


o 
o 


o 
o 


O 

o 


o 
o 


ND 


TOO 


o 
o 


f f ■ 


55.3 


44.3 


65.1 


45.2 


CM 
00 


38.3 i 


44.3 


32.1 


CM 


35.4 


41.6 


in 

cvi 
in 


31.3 


52.6 


13.8 


98.7 


72.5 


23.6 


o 

o 

E 
H 


86.7 


CD 
CO 


o 


CD 


Oi 


00 

in 




CD 


CD 


o 


CD 
CD 


in 
o 


o 
1^ 


in 
o> 


m 


CO 

o> 


r*^ 
a> 


CO 


(0 o 


-36.3 


CD 
0> 
CO 


-41.8 


CM. 

CO 

CO . 




-37.8 


CO 


CM 

d 

CO 


-40.5 


00 
CO 


in 


-33.4 


"29.3 


-31.6 


-33.7 


none 


-35.6 


-29.9 


% Initi- 
ator* 




0.73 


CM 


oo 




CO 

d 


0.82 1 


0.78 


0.88 


0.94 


1.22 


CO 

d 


m 
d 


in 
d 


00 

d 


m 

CM 


d 




Initiator 


pers 


pers 


pers 


pers 


pers 


pers 


pers 


pers 


pers 


tBHP/SFS 


pers 


pers 


tBHP/SFS 


IBHP/SFS 


pers 


pers 


pers 


pers 


Q. 

E O 

0) o 


o 

00 


o 

09 


o 

00 


o 

00 


o 

00 


o 

CO 


o 

00 


o 

CO 


o 

CO 


g 


in 

CO 


o 

CO 


o 

CD 


o 

CO 


o 
oo 


O 

CO . 


o 

CO 


o 

CO 


Pressure, 
psig 


1800 


1800 


1800 


1800 


1800 


1800 


1800 


1800 


1800 


1800 


1800 


1400 


1600 j 


1500 


1800 


1800 


1800 


1400 


Non- 
ionic 




















Triton; 
Igepal 


igepal 
















Anionic 


SLS 


SLS 


SLS 


SLS 


SLS 


SLS 


SLS 


SLS 


SLS 




SLS/ 
SVS 


SLS 


CO 


SLS 


SLS 


SLS 


SLS 


DSIO/ 
MA801 


Col- 
loid 


jHEC 


HEC 


HEC 


HEC 


|hec 


HEC 


HEC 


HEC 


HOAd 


jHEC 


HEC 


HEC 


HEC 


HEC 


HEC 




HEC 




< 
< 


o 


O 


o 


o 


T- 


CM 


CD 

d 


CD 

d 


o 


o 


o 


o 


m 

CO 


CO 




o 


o 


in 

CM 


%E 


ir> 
oo 


CD 


C3> 


CD 


CD 
CD 

ay 


64.1 


74.7 


in 

CD 


o 
rv 


o 
m 


in 

CD 




o 

LO 


63.5 


CD 


Q 
O 


CO 
CO 


Ln 


> 


in 


CO 
CO 


Oi 


CM 


T- 


34.7 i 


24.6 


34.4 


o 

CO 


o 
in 


Ln 

CO 


CD 
CM 


46.5 


in 

CVJ 


tn 

CO 


O 


T— 


46.5 


Pro- 
file 




z> 


r> 


z> 


3 




3 ' 




3 


3 


3 


CO 


3 


3 


3 


3 


CO 


CO 


Ex 




(0 


CO 
CO 




CO 

in 


CD 


a 
1^ 


CTJ 
CX> 


CM 


CO 




in 


CD 




00 


05 


o 
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SO 
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o 

o 

in 
Eli 


1 .4E+06 


4.9E+05 


1.0E+06 


7.9E+05 


6.2E+05 


CD 


1 .4E+b6 


1.5E+06 












* 

CO 

O 
X 


100% 


m 
1^ 


100% 


o 
in 


CM 


100% 


100% 


100% 








O 


O 


Block 


'm 


pass 


PASS 


PASS 


PASS 


PASS 


PASS 


PASS 








pass 


pass 


Heal 
Seal 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 

T— 


o 
o 








in 


o 


i O) 


25.7 


51.6 


15.8 


17.8 


UJ 


CO 


28.3 


24.1 


11.5 


none 


none 


CO 


CO 


o 


03 


lO 


89.9 


90.6 


88.7 


79,8 


93.7 


95.3 


in 

' CM 


none 


none 


c:^ 

CO 


46.7 


o O 

CO 0 


-27.4 


-33.4 


-27.1 


-30.8 


-30.7 


-28.5 


-8.9 


+10.7 


^? 


-30.3 


-24.9 


-36,3 


-36.5 


% Initi- 
ator* 


m 
d 


d 


d 


o> 
d 


Oi 

d 


CO 

d 


0.47 


0.47 












Initiator 


IBHP/SFS 


pers 


redox 


pers 


pers 


pers 


IBHP/SFS 


IBHP/SFS 


pers 


pers 


pers 


pers 


pers 


Q. ~ 

i ^ 

O 0 


o 

CO 


6 

GO 


o 

CO 


o 
oo 


o 

GO 


o 

CO 


O 
(D 


o 

CO 


in 

GO 


o 

CO 


o 

(O 


o 

CO 


o 


Pressure. 
psig 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 


O 

o 


o 
o 


o 
o 
xj- 


CO 
CO 
CM 


CO 
CO 
CM 


CM 
CM 

^J- 


o 

in 
CO 


Non- 
Ionic 


















Igepal 


CO 
Q. 
Q> 

cx 


Igepal 


Igepal 


Igepal 


Anionic 


DS10 


SLS 


DS10 


CO 1 


DS10/ 
MA80I 


DS10/ 
MA80I 


DS10 


DS10 


Polyslep- 
B27 


SLS 


SLS 


SLS 


SLS 


Col- 
lolci 


HEC 


HEC 


HEC 








HEC 


HEC 




HOAcd 


PVOH 


PVOH 


PVOH 


% AA 


CO 


CO 

d 


to 

c\j 


CO 

cvi 


CVJ 


CO 


CO. 


in 

CO 












%E 






42.5 


m 


CM 

in 


37.5 


CO 


Si 


o 
tn 


CO 
CO 


32.5 




c^- 




CO 

ir> 


25.7 


lO 
lO 


43.7 


45.6 


59.5 


CO 
CO 


72.5 


GO 


CO 


67.5 






Pro- 
file 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 




CO 


CO 


CD 


CD 


Ex 


CM 


CO 




in 


CO 




CO 


Oi 

T- 


o 

CM 


CM 


CM 


CM 
CM 


OJ 
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El?!ito^''^"''"®f ^ ■ ^""^ ^^'^^ ^""^ "^'^''^'^ ^^"^^ '"^'""9 P°i"'« ^'^^t^ of fusion. Although the 99 °C heat 
adhlS f f'"' " " composttions require higher heat seal temperatures to eS 

adhesion. Heat seal data for some of these samples at 1 09 °C did give some adhesion ' 

[0132] Examples 5a-8a are similar in polymerization procedure to Examples 1 -4a but incorporate acrylic acid These 
IS probably because of the adhesion promoting effect of the acrylic acid 

Lnlffi «S?^f^ '5'*'"!" '^^^^"^ °' ""^ "PP"^^'^ *° '^^^ a^^dition of vinyl acetate 

and the absence of ac^hc acid on heat sealability and hot green strength. The heat of fusion and tensile storaqe 

?0^tT Ex\?r: ' "''^'^P'^ ' ' ^"'^ ""^^ -^"^-^ poVmerization pressuT 

Inli nf h . f ; ■ '^^""^l °f v'"y acetate and ethylene in the pres- 

rand?rlS'l^^^^ higher themial melt temperature and heats of fuJon for Exam^ 

LarS JJ,^ «nH 7 , 5*^: P°'y7^"^«t'°" temperature and higher ethylene solubilfty at the lower temperature. 
Examples 6 and 7 also used poly(vinyl acetate) (PVAc) seed a^^ 

^T^""^' emulsions of Examples 6, 8. and 13 were pH adjusted with 1 0% sodium hydroxide solution and this 
«Lle l2:rr '''' «»'»'"f '''9'>er hot green strength in polymers containing acid funinalrty com ared"o the 
the strSrr "^T T"- " '"""'""^ associations of neutralized acW groups increase 

he stren^h of the heatseal bond at elevated temperatures. The hot green strength at two pH levels are presented In 



Sample 


Polymer ' 

Composition 

%E/%VA/%AA 


Hot Green Strength 
(% Fiber Tear) 


pH=4 


pH=7 


Example 6 


64.1/34.7/1.2 


50 


75 


Example 8 


65/34.4/0.6 


10 


25 


Example 13 


74/25.7/.3 


0 


75 



[0136] Examples 11-15 versus Examples 6-8 illustrate the effect of staged polymerization versus unifom, or delay 
addition of vrnyl acetate. Comparable themial properties were obtained even though the polymerization pr^sure was 
trnoT' Exarrjples 11-15. High tensile storage modulus polymers also were obtained. It Is belZ Tat staging 
the polymenzatron allowing for most of the ethylene crystalline domains to fonr, in the later stage of polyrneSioS 
accounts for the high tensile storage modulus and similar melting temperatures ' Po-ymenzation 

B J??07n^ tTt^*'7 ^° preparation of a polymer by a method similar to the method of Example 2 of US 

f. : ^ pressure sensitive adhesive is indicative that it is not suited for use as a heat seal 

adhesive because it obviously would not have any non-blocking characteristics • 
[0138] Comparative Example 21 , which is an attempt of a repeat of Exariiple 9 in US 5,747 578 shows that an 
adhesive was fomied which did not have a them,al meft temperature or a heat of fusion. Also, po Syl a^^o ) was 
used as a stabilizing protective colloid. ■f' xv yi an-unui; w<i& 

[0139] Cornparative Example 22 was a repeat of Example 18 of US 3,692,723 (Denki). in which polyvinyl alcohol) ^ 
mh" K t ^ ? f ,""'^'"9^°"°!=^ It resetted in a polymer that had aT„ and H,. But. it Is ej^edforsSr^^on^ 
the batched poly vinyl alcohol) stabilizing system. 2) limited incorporation Methylene during the polyr^eSn 3) 
unsuitable reaction tempemtureforthemially Initiated emulston polymerization resulting in non consLITnd dernlnq 
radical flux and thus limfted fom«tton of crystalline ethylene segments, and 4) poor heat seal character^ ' 



Claims 



so 



55 



An aqueous-based ethylene-vinyl acetate polymer emulsion suited for use in heat seal applications said ethyiene- 
vinyl acetate polymer comprised of crystalline ethylene segments prepared by emulsion polymerizing ethylene 
and vinyl acetate in the presence of a stabilizing system consisting essentially of a surfactant or a cellulosic pro- 
tect«^e colloid in combination with a surfactant, said ethylene-vinyl acetate polymer having: ' 

ta) a crystalline melting point ranging from 35 to 110 "C measured at a heat rate of 20 "0 per minute- and 
(b) atensile storage modulus of at least 1 x 1 os dynes/cm2 at a temperature of 115 "C and measured at 6.28 
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rad/sec. 

2. The polymer emulsion of claim 1 wherein the polymer is. comprised of from 15 to 90% by weight of polymerized 
units of vinyl acetate and from about 1 0 to 85% by weight of polymerized units of ethylene based upon the total 
weight of the polymer. 

3. The polymer emulsion of claim 1 wherein the polymer is comprised of from 25 to 80% by weight of polymerized 
units of vinyl acetate and from about 20 to 75% by weight of polymerized units of ethylene based upon the total 

weight of the polymer 

. 4. The polymer emulsion of claim 1 wherein the polymer is comprised of from 35 to 75% by weight of polymerized 
units of vinyl acetate and from about 25 to 65% by weight of polymerized units of ethylene based upon the total 
weight of the polymer 

^5 5. The polymer emulsion of claim 1 wherein the polymer is comprised of from 30 to 50% by weight of polymerized 
units of vinyl acetate and from about 50 to 70% by weight of polymerized units of ethylene based upon the total 
weight of the polymer 

6. The polymer emulsion of claim 2 wherein polymerized carboxylic acid units are present in said polymer in an 
20 amount from about 0.2 to about 1 0% by weight of said polymer 

7. The polymer emulsion of claim 6 wherein said polymer has a tensile storage modulus of at least 2x10^ dynes/ 
cm2 at 115 **C and measured at 6.28 rad/sec. 

25 8. The polymer emulsion of claim 7 wherein the polymer is comprised of polymerized units of ethylene, vinyl acetate, 
and acrylic acid. 

9. The polymer emulsion of claim 7 wherein the crystalline heat effusion of said polymer is from about 5 to 1 00 joules 
per gram as measured at a heat rate of 20^C per minute. 

30 ' » ' - 

10. The polymer emulsion of claim 7 wherein the glass transition temperature is from +25 'C to about -35 as 
measured at a heat rate of 20 °C per minute. 

11. The polymer emulsion of claim 8 wherein crystalline themnal melting point ranges from 50 to 90 ""O as measured 
35 at a heat rate of 20*^0 per minute. 

12. The polymer emulsion of claim 8 wherein a portion of the emulsion polymerization is carried out at a pressure of 
from 1000 to 2000 psig (6,996 to 13,891 kPa). 

^0 13. The polymer emulsion of claim 12 wherein the stabilizing system consists essentially of hydroxyethyl cellulose in 
combination with a surfactant. 

14. The polymer emulsion of claim 13 wherein the vinyl acetate is present in an amount from 15 to 90% by weight, 
the ethylene is present in an amount from 10 to 85% by weight, and the acrylic acid is present In an amount from 

^5 0.5 to 5% by weight of the polymer • 

15. The polymer emulsion of claim 14 wherein the crystalline heat of fusion ranges from preferably 15 to 70 joules per 
gram as measured at a heat rate of 20 ''C per minute. 

50 16. A process for making an aqueous-based semi-crystalline ethylene vinyl acetate polymer emulsion which comprises 
reacting vinyl acetate and ethylene with optionally one or more other ethylenically unsaturated monomer, under 
emulsion polymerization conditions in the presence of a stabilizing system consisting essentially of a surfactant 
or a cellulosic protective colloid in combination with a surfactant, said ethylene- vinyl acetate polymer having: 

. 55 (a) a crystalline melting point ranging from 35 to 11 0 °C measured at a heat rate of 20 ®C per minute; and, 

(b) a tensile storage modulus of at least 1 x 1 0^ dynes/cm^ at a temperature of 1 1 5 and measured at 6.28 
rad/sec. 
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17. The process of claim 16 wherein the addition of monomers, except ethylene, to the emulsion polymerization are 
completed within the first 75% of the total reaction time. 

18. The process of claim 16 wherein a portion of the process is carried out at pressures of from 1000 to 2000 psia 
5 (6,996 to 13,891.kPa). ■ ^ 

19. A process for fonning a paper stock for heat seal application which comprises: 

coating a paper substrate with a polymer emulsion comprising emulsion polymerized units of vinyl acetate and 
10 . ethylene with one or more other ethylenically.unsatu rated monomer, wherein said polymer emulsion is stabi- 

lized with a stabilizing system consisting essentially of a surfactant or a cellulosic protective colloid in combi- 
nation with a surfactant, said polymer containing crystalline ethylene segments and having (a) a crystalline 
melting point ranging from 35 to 110 °C as measured at a heat rate of 20 °C per minute; and. (b) a tensile 
storage modulus of at least 1 x 1 0^ dynes/cm2 at a temperature of 116 °C and measured at 6.28 rad/sec- and 
'5 ' then, 

drying the coating, said dried coating being non-blocking at ambient temperature. 

20. A multi-layer heat sealable material comprising 

^0 (a) at least one substrate; and 

(b) at least one coating of a polymer emulsion comprising emulsion polymerized units of vinyl acetate and 
ethylene with one or more other ethylenically unsaturated monomer, wherein said polymer emulsion is stabi- 
lized with astabilizingsystem consistingessentially of surfactant oracellulosiGprotectivecollold in combination 
with surfactant, said polymer containing crystalline ethylene, segments and having (a) a crystalline melting 
point ranging from 35 to 1 1 0 °C measured at a heat rate of 20 <»'c per minute; and. (b) a tensile storage modulus 
of at least 1 x 1 0^ dynes/cm2 at a temperature of 11 5 °C and measured at 6.28 rad/sec. 
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